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(54) litlc: MULl 1-BAND MONOPOLE AN I ENNA VOK A MOBILE COMMUNlCA'i IONS DEVICE 




(57) Abstract: A multi-band monopole antenna for a mobile communications device 
includes a common conductor coupled to both a first radiating arm and a second radi- 
ating arm. The common conductor includes a feeding port for coupling the antenna to 
a)mmunications circuitry in a mobile a)mmunications device. In one embodiment, 
the first radiating aim includes a space-filling carve, in another embodiment, the first 
radiating arm includes a meandering section extending from the common conductor 
in a first direction and a contiguous extended section extending from the meandering 
section in a second direction. 
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Multi-Band Monopole Antenna For A Mobile Communications Device 

FIELD OF THE INVENTION 
This invention relates ^n^:ally to the jfidd of multi-band monopole antennas. More 
5 specifically, a multi-band monopole antoma is provided that is particularly well-suited for 
use in mobile communications devices, such as Personal Digital Assistants, cellular 
teleidiones, and pagers. 

BACKGROUND OF THE INVENTION 

10 Multi-band antenna structures for use in a mobOe conununications device are known 

in this art. For example, one type of antenna structure that is commonly utilized as an 
internally-mounted antenna for a mobile communications device is known as an "inverted-F" 
antenna. When mounted inside a mobile communications device, an antenna is often subject 
to problematic amounts of electromagnetic interference from other metallic objects within the 

15 mobile communications device, particularly from the ground plane. An inverted-F antenna 
has been shown to perform adequately as an internally mounted antenna, compared to other 
known antenna structures. Inverted-F antennas, however, are typically bandwidth-hmited, 
and thus may not be well suited for bandwidth intensive applications. 

20 SUMMARY 

A multi-band monopole antenna for a mobile communications device includes a 
common conductor coupled to both a first radiating arm and a second radiating arm. The 
common conductor includes a feeding port for coupling the antenna to communications 
circuitry in a mobile communications device. In one embodiment, the first radiating arm 

25 includes a space-filling curve. In another embodiment, the first radiating arm includes a 

1 
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meandering section extending fiom the common conductor in a first diiection and a 
contiguous extended section extoiding from the meandering section in a second diiection. 

A mobile communications device having a multi-band monopole antenna includes a 
circuit board, communications drcuitiy, and the multi-band monopole antenna. The circuit 
5 board includes an antenna feeding point and a ground plane. The communications circuitry is 
coupled to tfie antenna feeding point of the circuit board. The multi-band monopole antenna 
includes a common conductor, a first radiating arm and a second radiating arm. The common 
conductor includes a feeding port that is coupled to the antemia feeding point of the circuit 
board. The first radiating arm is coupled to the common conductor and includes a space- 
10 filling curve. The second radiating ami is coupled to the common conductor In one 
embodiment, the circuit board is mounted in a first plane widiin the mobile communications 
device and the multi-band monopole antenna is mounted in a second plane within the mobile 
communications device. 



15 BRIEF DESCRIPTrON OF THE DRAWINGS 

Fig. 1 is a top view of an exemplary multi-band monopole antenna for a mobile 
communications device; 

Fig. 2 is a top view of an exemplary multi-band monopole antenna including one 
alternative space-filling geometiy; 
20 Figs. 3-9 illustrate several alteruative multi-band monopole antenna configurations; 

Fig. 10 is a top view of the exemplary multi-band monopole antenna of Fig. 1 coupled 
to a circuit board for a mobile communications device; 

Figs. 1 1 shows an exemplary mounting structure for securing a multi-band monopole 
anterma within a mobile communications device; 
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Fig. 12 is an exploded view of an exemplaiy clamshell-type cellular telephone having 
a multi-band monopole antenna; 

Fig. 13 is an exploded view of an exemplary candy-bar-styie cellular telephone 
having a multi-band monopole antenna; and 

Fig. 14 is an exploded view of an exemplary personal digital assistant (PDA) having a 
multi-band monopole antenna. 



DETAHKn nF SCRIpnON 
Referring now to the drawing jHgures, Fig. 1 is a top view of an exemplary multi-band 
10 monopole anteima 10 for a mobile communications device. The multi-band monopole 
antenna 10 includes a first radiating arm 12 and a second radiating arm 14 that are both 
coupled to a feeding port 17 through a common conductor 16. The antenna 10 also includes a 
substrate material 18 on which the antenna structure 12, 14, 16 is fabricated, such as a 
dielectric substrate, a flex-fihn substrate, or some other type of suitable substrate material. 
15 The antenna structure 12, 14, 16 is preferably patterned from a conductive material, such as a 
metallic thick-film paste that is printed and cured on the substrate material 18, but may 
alternatively be fabricated using other known fiabrication techniques. 

The first radiating arm 12 includes a meandering section 20 and an extended section 
22. The meandering section 20 is coupled to and extends away from the common conductor 
20 16. The extended section 22 is contiguous with die meandering section 20 and extends from 
Ae end of the meandering section 20 back towards the common conductor 16. In the 
illustrated embodiment, the meandering section 20 of the first radiating aim 12 is formed into 
a geometric shape known as a space-filling curve, in order to reduce tiie overall size of the 
antenna 10. A space-filling curve is characterized by at least ten segments which are 
25 connected in such a way that each segment forms an angle with its adjacent segments, that is, 

3 
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no pair of adjacent segments define a larger stadght segment It should be miderstood. 
however, that the meandering section 20 may include other space-filling curves tiian that 
shown in Fig. 1, or may optionally be arranged in an ahemalive meandering geometry. Figs. 
2-6, for example, illustrate antmna structures having meandering sections fonned fi^om 
several alternative geometries. The use of shsqpe-filling curves to form antenna structures is 
described in greater detail in the co-owned PCT Application WO 01/54225, entitled Space- 
Filling Miniature Antennas, which is hereby incorporated into the present iq)plication by 
reference. 

The second radiating aim 14 includes three linear portions. As viewed in Fig. 1, the 
first linear portion extends in a v^cal direction away fi-om flie common conductor 16. The 
second linear portion extends horizontaUy from the end of the first hnear portion towards the 
first radiating arm. The third linear portion extends vertically fi-om the end of the second 
linear portion in the same direction as the first linear portion and adjacent to the meandering 
section 20 of the first radiating arm 14. 

As noted above, the common cimductor 16 of the antenna 10 couples the feeding port 
17 to the first and second radiating arms 12, 14. The common conductor 16 extends 
horizontally (as viewed in Fig. 1) beyond the second radiating arm 14, and may be folded in a 
perpendicular direction (perpendicularly into the page), as shown in Fig. 10, in order to 
coiq)le the feeding port 17 to communications circuitry in a mobile communications device. 

Operationally, the first and second radiating arms 12, 14 are each tuned to a different 
frequency band, resulting in a dual-band antenna. The antenna 10 m^ be tuned to the 
desired dual-band operating frequencies of a mobile communications device by pre-selecting 
the total conductor length of each of the radiating arms 12. 14. For example, in the iUustrated 
embodiment, the first radiating arm 1 2 may be tuned to operate in a lower frequency band or 
groups of bands, such as PDC (800 MHz), CDMA (800 MHz), GSM (850 MHz), GSM (900 
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MHz), GPS, or some oth^ desired frequency band. Similarly, tte second radiating arm 14 
may be tuned to operate in a higher frequency band or group of bands, such as GPS, PDC 
(1500 MHz), GSM (1800 MHz), Korean PCS, CDMA/PCS (1900 MHz), 
CDMA2000/UMTS, yra?R 802.11 (2.4 GHz), or some other desired frequency band. It 

5 should be understood that, in some embodiments, the lower frequency band of the first 
radiating arm 12 may overlap the higher fi:equency band of the second radiating arm 14, 
resulting in a single broader band. It should also be understood that the multi-band antenna 
10 may be expanded to include finther frequency bands by adding additional radiating arms. 
For example, a third radiating arm could be added to the antenna 10 to form a tri-band 

10 antenna. 

Fig. 2 is a top view of an exemplary multi-band monopole antenna 30 including one 
alternative space-filling geometry. Hie antenna 30 show in Fig. 2 is similar to the multi-band 
antenna 10 shown in Fig. 1, except the meandering section 32 in the first radiating arm 12 
includes a different space-filling curve than that shown in Fig. 1. 

IS Figs. 3-9 illustrate several alternative multi-band monopole antenna configurations 

50, 70, 80, 90, 93, 95, 97. Similar to the antemias 10, 30 shown in Figs. 1 and 2, the multi- 
band monopole antenna 50 illustrated in Fig. 3 includes a common conductor 52 coupled to a 
first radiating arm 54 and a second radiating arm 56. The common conductor 52 includes a 
feeding port 62 on a linear portion of the common conductor 52 that extends horizontally (as 

20 viewed in Fig. 3) away from tiie radiating arms 54, 56, and that may be folded in a 
perpendicular direction (perpendicularly into the page) in order to couple the feeding port 62 
to communications circuitry in a mobile coimnunications device. 

The first radiating arm 54 includes a meandering section 58 and an extended section 
60. The meandering section 58 is coupled to and extends away from the common conductor 

25 52. The extended section 60 is contiguous with the meand^mg section 58 and extends from 
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Ifae end of the meandmng section 58 in an arcing path back towards tfae common conductor 

52. 

The second radiating arm 56 includes three linear portions. As viewed in Fig. 3, the 
first linear portion extends diagonally away from the common conductor 52. The second 

5 linear portion extends horizontally from the end of the first linear portion towards the first 
radiating arm. The third linear portion extends vertically fix>m the end of the second linear 
portion away firom the common conductor 52 and adjacent to die meandering section 58 of 
the first radiating arm 54. 

The multi-band monopole antennas 70, 80, 90 ilhistrated in Figs. 4-6 are similar to the 

10 antenna 50 shown in Fig. 3, except each includes a difierently-pattemed meandering portion 
72, 82, 92 in the first radiating arm 54. For example, the meandering portion 92 of the multi- 
band antenna 90 shown in Fig. 6 meets the definition of a space-filling curve, as described 
above. The meandering portions 58, 72, 82 illustrated in Figs. 3-5, however, each include 
differendy-shaped periodic curves that do not meet the requirements of a space-filling curve. 

15 The multi-band monopole antennas 93, 95, 97 illustrated in Figs. 7-9 are similar to the 

anteima 30 shown in Fig. 2, except in each of Figs. 7-9 the expanded portion 22 of the first 
radiating arm 12 includes an additional area 94, 96, 98. In Fig. 7, the expanded portion 22 of 
the first radiating arm 12 includes a polygonal portion 94. In Figs. 8 and 9, the expanded 
portion 22 of the first radiating arm 12 includes a portion 96, 98 with an arcuate longitudinal 

20 edge. 

Fig. 10 is a top view 100 of the exemplary multi-band monopole antenna 10 of Fig. 1 
coupled to the circuit board 102 of a mobile communications device. The circuit board 102 
includes a feeding point 104 and a ground plane 106. The ground plane 106 may, for 
example, be located on one of the surfaces of the circuit board 102, or may be one layer of a 
25 multi-layer printed circuit board. The feeding point 104 may, for example, be a metallic 

6 
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bonding pad that is coiq>led to drcuit tiac^ lOS on one or more layers of the circuit board 
102. Also illustrated, is communication drcuitiy 108 lhat is coupled to the feeding point 104. 
The communication circuitry 108 may, for example, be a multi-band transceiver circuit that is 
coiq)led to the feeding point 104 throu^ circuit traces lOS on the circuit board. 

5 In order to reduce electromagnetic interference fixmi the ground plane 106, the 

anteniia 10 is mounted within the mobile communications device such that the projection of 
the antenna footprint on the plane of die circuit board 102 does not intersect the metalizahon 
of the ground plane 106 by more than iSfty percent In the illustrated embodiment 100, the 
antenna 10 is mounted above the circuit board 102. That is, the circuit board 102 is mounted 

10 in a first plane and the antenna 10 is mounted in a second plane within the mobile 
communications device. In addition, the antenna 10 is laterally ofi&et fix>m an edge of the 
circuit board 102, such that, in this embodiment 100, the projection of the anteima footprint 
on the plane of the circuit board 102 does not intersect any of the metalization of the ground 
plane 106. 

IS In order to further reduce electromagnetic interfermce from the ground plane 106, the 

feeding point 104 is located at a position on the circuit board 102 adjacent to a comer of the 
ground plane 106. The antenna 10 is preferably coupled to the feeding point 104 by folding a 
portion of the common conductor 16 peipradicularly towards the plane of the circuit board 
102 and coupling the feeding port 17 of the antetma 10 to the feeding point 104 of the circuit 

20 board 102. The feeding port 17 of the antenna 10 may, for example, be coupled to the 
feeding point 104 using a commercially available connector, by bonding the feeding port 17 
directly to the feeding point 104, or by some other suitable coupling means. In other 
embodiments, howev^, the feeding port 17 of the antemia 10 may be coupled to the feeding 
point 104 by some means other than folding the commcm conductor 16. 
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Fig. 11 shows an exemplaiy mountmg stracture 111 for securing a multi-band 
monopole antenna 1 12 wilfain a mobile communications device. The illustrated ^bodiment 
1 10 ^ploys a multi-band monopole antenna 1 12 having a meandering section similar to that 
shown in Fig. 2. It should be und»:stood, however, that alternative multi-band monopole 

5 antenna configurations, as described in Figs 1-9, could also be used. 

The mounting structure 111 includes a flat sur&ce 113 and at least one protruding 
section 114. The antenna 112 is secured to the flat sur&ce 113 of &e mounting structure 111, 
preferably using an adhesive material. For example, the antenna 1 12 may be fabricated on a 
flex-film substrate having a ped-type adhesive on the surface opposite the antenna structure. 

10 Once the antenna 1 12 is secured to the mounting structure 1 1 1, the mounting structure 1 1 1 is 
positioned in a mobile communications device with the protruding section 114 extending 
over the circuit board. The mounting structure 1 1 1 and antenna 112 may then be secured to 
the circuit board and to the housing of the mobile communications device using one or more 
apertures 116, 117 within the mounting structure 111. 

IS Fig. 12 is an e:^loded view of an exenplaiy clamshell-type cellular telephone 120 

having a multi-band monopole antemm 121. The cellular telephone 120 includes a lower 
circuit board 122, an upper circuit board 124, and the multi-band antenna 121 secured to a 
mounting structure 110. Also illustrated are an upper and a lower housing 128, 130 fliat join 
to enclose the circuit boards 122, 124 and ant^ina 121 . The illustrated multi-band monopole 

20 antenna 121 is similar to the multi-band antenna 30 shown in Fig. 2. It should be understood, 
however, diat alternative anteima configurations, as describe above with reference to Figs. 1- 
9, could also be used. 

The lower circuit board 122 is similar to the circuit board 102 described above with 
reference to Fig, 10, and includes a ground plane 106, a feeding point 104, and 
25 conununications circuitry 108. The multi-band antenna 121 is secured to a mounting 
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Structure 1 1 0 and coupled to fhe lower circuit board 122» as described above with reference to 
Figs. 10 and 11. Tlie lowcar circuit board 122 is then coimectcd to the upper circuit 
with a hinge 126, enabling the upp^ and Iowct circuit boards 122, 124 to be folded together 
in a manner typical for clamshell-type cellular phones. In order to further reduce 
5 electromagnetic interfereiK^e from the upper and low^ circuit boards 122, 124, flie multi- 
band anteiuia 121 is preferably mounted on the low^ circuit board 122 adjacent to the hinge 
126. 

Fig. 13 is an exploded view of an exemplary candy-bar-type cellular telephone 200 
having a multi-band monopole antenna 201. The ceUular telephone 200 includes the multi- 

10 band monopole antenna 201 secured to a mounting structure 1 10, a circuit board 214, and an 
uppCT and lower housing 220, 222. The circuit board 214 is similar to the circuit board 102 
described above with rcference to Fig. 10, and includes a ground plane 106, a feeding point 
104, and communications circuitry 108. The illustrated antenna 201 is similar to the multi- 
band monopole antenna shown in Fig. 3, however alternative anterma configurations, as 

1 5 described above with reference to Figs. 1 -9, could also be used 

The multi-band anteima 201 is secured to the mounting structure 1 10 and coupled to 
the circuit board 214 as described above with reference to Figs. 10 and 11. The upper and 
lower housings 220, 222 are then joined to enclose the antenna 212 and circuit board 214. 

Fig. 14 is an exploded view of an exemplary personal digital assistant (PDA) 230 

20 having a multi-band monopole antenna 231. The PDA 230 includes the multi-band 
monopole antenna 231 secured to a mounting structure 1 10, a circuit board 236, and an upp^ 
and lower housing 242, 244. Although shaped differentiy, the PDA circuit board 236 is 
similar to the circuit board 102 descmbed above with rcference to Fig. 10, and includes a 
ground plane 106, a feeding point 104, and communications circuitry 108. The illustrated 

25 antenna 231 is similar to the multi-band monopole antenna shown in Fig. S, however 

9 
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alternative antenna configurations, as described above vn^ referoice to Figs. 1-9, could also 
be used. 

The multi-band antenna 231 is secured to the mounting structure 110 and coupled to 
the drcuit board 214 as described above with reference to Figs. 10 and Ih In slight contrast 
to Fig. 10, however, the PDA circuit board 236 defines an L-shaped slot along an edge of the 
circuit board 236 into vMch the antenna 23 1 and mounting structure 1 10 are secured in order 
to conserve space within the PDA 230. The upper and lower housings 242, 244 are then 
joined together to enclose the antenna 231 and circuit board 236. 

This written description uses examples to disclose the invention, including the best 
mode, and also to enable any person skilled in the art to make and use the invention. The 
patentable scope of the invention is defined by the claims, and may include other examples 
that occur to those skilled in the art 
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CLAIMS 

1 . A multi-band monopole antenna for a mobile communications device, comprising: 

a common conductor having a feeding port for coi^ling Ae antenna to circuiliy in die 
mobile communications device; 

a first radiating arm coupled to the common conductor, the first radiating arm 
including a space-filling curve; and 

a second radiating arm coupled to the common conductor. 

2. The multi-band monopole antenna of claim 1, wiierein the first radiating aim fiirther 
includes an extended section that is contiguous with the space-filling curve. 

3. The multi-band monopole antenna of claim 2, wherein space-filling curve extends from 
the common feeding port in a first direction and the extended section extends firom the space- 
filling curve in a second directioa 

4. The multi-band monopole antenna of claim 3, wherein the first direction is parallel to the 
second direction. 

5. A multi-band monopole antenna for a mobile conomunications device, comprising: 

a common conductor having a feeding port for coupling die antenna to drcuitiy in the 
mobile communications device; 

a first radiating aim coupled to the common conductor and having a meandering 
section extending from the common conductor in a first direction and a contiguous extended 
section extending from the meandering section in a second direction; and 

11 
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a second radiating arm coiq>led to the common conductor. 

6. The multi-band monopole antrama of claim S, vlierein the first direction is parallel to the 
second direction. 

7. The multi-band monopole antenna of claim 5, wherein the meandering section of the first 
radiating arm forms a space-filling curve. 

8. The multi-band monopole antenna of any of claims 2 to7, wherein the extended section is 
linear. 

9. The multi-band monopole antenna of any of claims 2 to7, wherein the extenckd section 
forms an arc. 

10. The multi-band monopole antenna of any of claims 2 to7, wherein the extended section 
includes a polygonal portion. 

1 1 . The multi-band monopole antenna of any of claims 2 to7, ^o^ein the extended section 
includes a portion widi an aix)uate longitudinal edge. 

12. The multi-band monopole antenna of any of claims 1 to 1 1» viierein the second radiating 
arm includes a linear section adjacent to the first radiating arm. 

13. The multi-band monopole antenna of any of claims 1 to 12, wherein the total lengdi of 
the first radiating arm is greater than the total length of the second radiating arm. 

12 
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14. The multi-band monopole antenna of claim 13, wh^ein the total length of the first 
radiating ann is selected to tune the first radiating aim to a first frequency band and the total 
length of flie second radiating am is selected to tune the second radiating arm to a second 
firequencyband. 

15. The muhi-band monopole antenna of asy of claims 1 to 14, vdierein the antenna is 
&bricated on a substrate. 

16. The multi-band monopole antenna of claim 15, wh^in the substrate is a flex-film 
material. 

17. The multi-band monopole antenna of claim IS, wherein the substrate is a dielectric 
material. 

1 8. The muhi-band monopole antenna of any of claims 1 to 17, herein the mobile 
communications device is a cellular telephone. 

19. The muhi-band monopole antenna of any of claims 1 or 17, wherein the mobile 
communications device is a personal digital assistant (PDA). 

20. The multi-band monopole antenna of claim 18, >^erein the mobile communications 
device is a clamshell-type cellular telephone that includes a hinge, and wh^nein fho antenna is 
mounted within the mobile communication device adjacent to the hinge of the clamshell-type 
cellular telephone. 

13 
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2 1. A mobile communications device, comprising: 

a circuit board having an antenna feeding point and a ground plane; 
communications circuitiy coupled to the antoma feeding point of the circuit bo&sd; 

and 

a multi-band monopole antenna having a common conductor that includes a feeding 
port coupled to the antenna feeding point of the circuit board, a first radiating arm coupled to 
the common conductor and including a space-filling curve, and a second radiating arm 
coupled to the common conductor. 

22. The mobile communications device of claim 21, wherein the circuit board is mounted in 
a first plane within the mobile communications device and the multi-band monopole antenna 
is mounted in a second plane within the mobile conmiunications device. 

23. The mobile communications device of claim 21 or 22, wherein the antenna feeding point 
is located at a position on the circuit board corresponding to a comer of the ground plane. 

24. The mobile conununications device of claim 21 or 22, wherein an edge of the antenna is 
laterally aligned with an edge of the circuit board. 

25. The mobile communications device of claim 21 or 22, wherein tiie antenna is ofi&et 
laterally firom the groimd plane. 
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26. The mobile conunnnications device of claim 2S, vviierein the amomit of lateral of^ 
between the anteima and the ground plane is such that a projection of the antenna footprint on 
the plane of the circuit board does not intersect ivith the ground plane. 

27. The mobile communications device of claim 25, \^erein the amount of lateral offset 
between the antenna and the ground plane is such that a projection of the antenna footprint 
onto the plai^ of the circuit board intersects with the ground plane by no more than fifty (50) 
percent 

28. The mobile communications device of any of claims 21 to 27, wherein the first radiating 
arm fiirther includes an extended section that is contiguous with the space-filHng curve. 

29. The mobile conmiunications device of claim 28, ^^erein the space-filling curve extends 
in a first direction from the common feeding port and the contiguous extended section 
extends in a second direction from tte space-filling curve. 

30. The mobile communications device of claim 29, whmin the first direction is parallel to 
the second direction. 

3 1 . The mobile communications device of any of claims 2 1 to 30, wherein the second 
radiating arm includes a linear section. 

32. The mobile communications device of any of claims 21 to 3 1, wherein the mobile 
conmiunications device is a cellular telephone. 
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33. The mobile communicatiom device of any of claims 21 to 31, wherein the mobile 
communications device is a personal digital assistant ^DA). 

34. The mobile communications device of claim 32, wherein tiie mobile communications 
device is a clamshell-type cellular telephoi^ ttett includes a hinge, and wherein the antenna is 
mounted within the mobile communication device adjacent to the binge of the clamshell-Q^ 
cellular telephone. 
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